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© C02 Jet spray system employing a thermal C02 snow plume sensor. 



© C0 2 jet spray cleaning apparatus (10) that moni- 
tors CO2 snow plume characteristics. The present 
invention is a CO2 jet spray cleaning system (10) that 
comprises a holding tank (12) for containing liquid 
CO2 (15), a spray nozzle (14) coupled to the holding 
tank (12), a valve (13) coupled between the holding 
^ tank (12) and the spray nozzle (14), and a tempera- 
ture sensor (11) coupled to the nozzle (14) for sens- 
ing the temperature of a plume (16) of CO2 that is 
CO sprayed by the nozzle (14) and for providing a signal 
^ indicative thereof. The system (10) may also com- 
(0 prise a display (17) coupled to the temperature sen- 
CD sor (11) for displaying the temperature of the plume 
q (16) of CO2 to an operator, or an alarm (18) coupled 
to the temperature sensor (11) for alerting an oper- 
ator that the temperature of the plume (16) of CO2 
has risen to a predetermined level. Either the dis- 
played signal or the alert signal indicates that the 



quality of the plume (16) has diminished and that the 
liquid CO2 (15) in the holding tank (12) should be 
replenished. The present CO2 jet spray cleaning sys- 
tem (10) and CO2 snow plume sensor (11) provide 
an indication of the proper CO2 snow characteristics 
to an operator so that the system (10) cleans in a 
proper manner. 
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BACKGROUND 

The present invention was made with Govern- 
ment support under Contract No. N00030-93-C- 
0002 awarded by the Department of the Navy. The 
Government has certain rights in this invention. 

The present invention relates to C0 2 jet spray 
cleaning systems, and more particularly, to a ther- 
mal CO2 snow plume sensor for use in such sys- 
tems that detects and monitors characteristics of a 
CO2 snow plume. 

CO2 jet spray cleaning is a proven cleaning 
process that utilizes liquid C0 2 that is converted to 
a snow plume when it expands through a nozzle. 
The C0 2 jet spray cleaning process uses chemi- 
cals that do not deplete the ozone layer. The C0 2 
snow plume, when directed onto a surface, pro- 
vides a cleaning action without using ozone deplet- 
ing chemicals. Heretofore, proper utilization of the 
jet spray cleaning process has been achieved only 
by an operator with a trained eye. The operator 
visually inspects the C0 2 snow plume to determine 
whether it "looks right". This technique is impre- 
cise, impractical and is dangerous to temperature- 
sensitive parts in the nozzle. 

Various approaches for monitoring a C0 2 snow 
plume have been discussed or are under develop- 
ment by the assignee of the present invention. One 
method involves sensing the force of the CO2 
plume exiting a nozzle. This force varies as the 
CO2 liquid is depleted. The plume is directed onto 
a force sensor that is correlated to C0 2 plume 
characteristics. A second approach is to utilize an 
optical source and detector to determine plume 
snow density, which can also be correlated to the 
plume characteristics. However, both of these 
methods are relatively complex, expensive and are 
relatively difficult to implement. Additionally, be- 
cause these approaches require that the monitoring 
devices be located in a fixed position, they cannot 
be integrated into a cleaning nozzle, for example, 
and thus can only provide an indirect indication of 
the plume characteristics. 

Therefore, it is an objective of the present 
invention to provide an improved CO2 jet spray 
cleaning system that employs a thermal tempera- 
ture sensor to detect and monitor the characteris- 
tics of a CO2 snow plume. 

SUMMARY OF THE INVENTION 

In order to meet the above and other objec- 
tives, the present invention is a C0 2 jet spray 
cleaning system that comprises a holding tank for 
containing liquid CO2, a spray nozzle coupled to 
the holding tank, a valve coupled between the 
holding tank and the spray nozzle, and a tempera- 
ture sensor coupled to the nozzle for sensing the 



temperature of a plume of C0 2 that is sprayed by 
the nozzle and for providing a signal indicative 
thereof. The temperature sensor may comprise a 
thermocouple, or other conventional temperature 

5 sensing device, for example. 

The C0 2 jet spray cleaning system may also 
comprise an output device such as a display coup- 
led to the temperature sensor for displaying the 
temperature of the plume of CO2 to an operator, or 

10 an alarm coupled to the temperature sensor for 
alerting an operator that the temperature of the 
plume of CO2 has risen to a predetermined level. 
Either the displayed signal or the alert signal in- 
dicates that the quality of the snow plume has 

15 diminished and that the liquid CO2 in the holding 
tank should be replenished. 

The present invention thus provides for an im- 
proved C0 2 jet spray cleaning system that employs 
a CO2 snow plume sensor. The use of the C0 2 

20 snow temperature sensor is beneficial because 
without knowing the proper CO2 snow characteris- 
tics the C0 2 jet spray cleaning system will not 
clean in a proper manner. 

The present invention provides an indication 

25 when the CO2 snow plume may be used for clean- 
ing. It identifies when the CO2 liquid is depleted 
from the holding tank. It protects thermally sen- 
sitive parts of the nozzle by sensing thermal 
changes in the snow plume. It may be used in a 

30 manual or automated cleaning system. It may be 
integrated into the nozzle to provide for continuous 
nozzle monitoring. All these advantages are pro- 
vided by a simple, reliable, and inexpensive design 
that combines the nozzle and the thermocouple or 

35 other temperature sensor. The temperature sensor, 
when properly positioned in the snow plume, pro- 
vides a signal indicative of temperature to plume 
correlation. This signal may be displayed to pro- 
vide a manual readout or instrumented to trigger an 

40 automated response, such as an alarm, for exam- 
ple. 

Without a CO2 snow plume sensor, the reliabil- 
ity of the C0 2 jet spray system and cleaning pro- 
cess are greatly effected. Heretofore, there has 

45 been no technique available that provides all the 
advantages of the present invention while being 
inexpensive, reliable and easy to implement. It is 
believed that there are no currently available de- 
vices that provides the features of the present 

50 invention while monitoring C0 2 snow plume char- 
acteristics. 

The present CO2 snow sensor make the CO2 jet 
spray cleaning process and system viable. The 
government has banned the use of ozone depleting 
55 chemicals in the near future and many companies 
such as the assignee of the present invention have 
made a commitment to phase out the use of ozone 
depleting chemicals in the manufacturing of their 
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products. Presently ozone depleting chemicals are 
used to clean parts throughout industry and world- 
wide. There is therefore a need for the present 
invention by those using the CO2 jet spray cleaning 
process and system, which provides an alternative 
to ozone depleting chemical usage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The various features and advantages of the 
present invention may be more readily understood 
with reference to the following detailed description 
taken in conjunction with the accompanying draw- 
ings, wherein like reference numerals designate 
like structural elements, and in which the sole 
figure of the drawing illustrates a C0 2 jet spray 
cleaning system employing a thermal C0 2 snow 
plume sensor in accordance with the principles of 
the present invention. 

DETAILED DESCRIPTION 

Referring to the drawing figure, it illustrates a 
CO2 jet spray cleaning system 10 employing a 
thermal CO2 snow plume temperature sensor 1 1 in 
accordance with the principles of the present in- 
vention. The CO2 jet spray cleaning system 10 is 
comprised of a holding tank 12 that contains liquid 
CO2 15. A spray nozzle 14 is attached to the 
holding tank 12, and a valve 13 is disposed be- 
tween the holding tank 12 and the spray nozzle 14. 
A temperature sensor 1 1 , such as a thermocouple 

11, or other conventional temperature sensing de- 
vice, for example, is attached to or otherwise dis- 
posed in the spray nozzle 14 such that when the 
valve 13 is opened, liquid CO2 15 is ejected 
through the nozzle 14 for form a C0 2 snow plume 
16, and the temperature sensor 11 senses the 
temperature of the C0 2 snow plume 16. An output 
device 20 such as a display 17 or an alarm 18 is 
coupled to the temperature sensor 11. 

Through experimentation it has been discov- 
ered that plume temperature of the C0 2 snow 
plume 16 rises significantly as the quality of the 
CO2 snow plume 16 and its cleaning effectiveness 
diminishes. Liquid C0 2 15 in the holding tank 12 is 
at room temperature, and when it expands through 
the nozzle 14, the liquid changes to a solid (snow) 
and gives up heat. This results in a snow plume 16 
having a temperature of about -85° F. As the 
quality of the snow plume 16 changes due to 
depletion of the liquid CO2 15 in the holding tank 

12, a significant rise in plume temperature occurs. 
At -62° F the snow plume 16 is considered to be 
unacceptable. The nozzle 14 is instumented with 
the thermocouple 11 or other temperature sensor 
11. As the plume temperature of the CO2 rises, the 
quality of the snow plume 16 diminishes. The tem- 



perature sensor 1 1 or thermocouple 1 1 senses the 
change in temperature and provides a signal indi- 
cative thereof. This signal may be displayed or 
processed as desired to provide an audible alarm 

5 or an alert for an operator. The use of the display 
17 or the alarm 18 coupled to the temperature 
sensor 11 alerts the operator that the temperature 
of the plume 16 has risen to a predetermined level, 
that the quality of the plume 16 has diminished, 

10 and that the liquid CO2 15 in the holding tank 12 
should be replenished. 

The present invention thus provides for an im- 
proved CO2 jet spray cleaning system 10 that em- 
ploys a C0 2 snow plume temperature sensor 11. 

15 The present temperature sensor 11 is beneficial 
because without knowing the proper C0 2 snow 
characteristics the C0 2 jet spray cleaning system 
10 will not clean in a proper manner. 

The present invention provides an indication 

20 when the plume 16 may be used for cleaning, and 
identifies when the liquid CO2 15 is depleted from 
the holding tank 12. The present invention protects 
thermally sensitive parts of the nozzle 14 by sens- 
ing thermal changes in the snow plume 16. The 

25 present invention may be used in a manual or 
automated cleaning system 10, and may be in- 
tegrated into the nozzle 14 to provide for continu- 
ous monitoring of the nozzle 14. All these advan- 
tages are provided by a simple, reliable, and in- 

30 expensive design that combines the nozzle 14 and 
the thermocouple or other temperature sensor 11. 
The temperature sensor 11, when properly posi- 
tioned in the snow plume 16, provides a signal 
indicative of temperature to plume correlation. This 

35 signal may be displayed to provide a manual 
readout or instrumented to trigger an automated 
response, such as an alarm, for example. 

Thus there has been described a new and 
improved C0 2 jet spray cleaning system that em- 

40 ploys a thermal C0 2 snow sensor comprising a 
thermal sensor to detect and monitor the char- 
acteristics of the snow plume. It is to be under- 
stood that the above-described embodiment is 
merely illustrative of some of the many specific 

45 embodiments that represent applications of the 
principles of the present invention. Clearly, nu- 
merous and other arrangements may be readily 
devised by those skilled in the art without departing 
from the scope of the invention. 

50 

Claims 

1. A CO2 jet spray cleaning system (10) char- 
acterized by: 

55 a holding tank (12) for containing liquid 

C0 2 (15); 

a spray nozzle (14) coupled to the holding 
tank (12); 
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a valve (13) coupled between the holding 
tank (12) and the spray nozzle (14); and 

a temperature sensor (11) coupled to the 
nozzle (14) for sensing the temperature of a 
plume (16) of CO2 that is sprayed by the 5 
nozzle (14) and for providing a signal indicative 
thereof. 

2. The system (10) of Claim 1 wherein the tem- 
perature sensor (11) is characterized by a ther- 10 
mocouple. 

3. The system (10) of Claim 1 which is further 
characterized by an output device (20) coupled 

to the temperature sensor (11) for providing a 15 
signal indicative of the quality of the plume 
(16). 

4. The system (10) of Claim 3 wherein the output 
device (20) is characterized by a display (17) 20 
coupled to the temperature sensor (11) for 
displaying the temperature of the plume (16) of 

C0 2 to an operator. 

5. The system (10) of Claim 3 wherein the output 25 
device (20) is characterized by an alarm (18) 
coupled to the temperature sensor (11) for 
alerting an operator that the temperature of the 
plume (16) of CO2 has risen to a predeter- 
mined level, that the quality of the plume (16) 30 
has diminished, and that the liquid CO2 15 in 

the holding tank (12) should be replenished. 
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